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(57) ABSTRACT

An on-board apparatus includes a measuring unit, a filtering
unit, a predicting unit, an executing unit, a detecting unat,
and an adjusting unit. The measuring unit periodically
measures a state of an own vehicle. The filtering unit
performs a low-pass filter process on measurement results
from the measuring unit. The predicting unit predicts behav-
ior of the own vehicle based on the measurement results on
which the low-pass filter process has been performed. The
executing unit performs processes based on the behavior of
the own vehicle predicted by the predicting unit. The detect-
ing umt detects a traveling environment of the own vehicle.
The adjusting unit adjusts a time constant for the low-pass
filter process based on the traveling environment detected by
the detecting unit.

6 Claims, 3 Drawing Sheets
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ON-BOARD APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATION

This application 1s based on and claims the benefit of
priority from Japanese Patent Application No. 2013-066724,
filed Mar. 27, 2013, the disclosure of which 1s incorporated

herein 1n 1ts entirety by reference.

BACKGROUND

Technical Field

The present invention relates to an on-board apparatus,
and 1n particular, to an on-board apparatus that predicts
behavior of an own vehicle and performs processes based on

prediction results.

Related Art

Conventionally, an on-board apparatus 1s known that
predicts the course of an own vehicle based on yaw rate and
steering angle. In addition, the on-board apparatus detects
targets, such as pedestrians and other vehicles, using radar or
a camera. For example, when a target 1s present on the
predicted course of the own vehicle, the on-board apparatus
1ssues a warning, intervenes in driving operations, and the
like to avoid collision with the target.

An example of an apparatus such as this 1s an 1mage
recognition apparatus described i JP-A-2009-9209. The
image recognition apparatus estimates a future positional
relationship between the own vehicle and a target based on
yaw rate, vehicle speed, and the like. Based on the estimated
positional relationship, the image recognition apparatus esti-
mates a future display area of the target in an 1mage captured
by a camera. The image recognition apparatus then performs
image recognition on the display area, and performs
enhanced display of the target or the like. The image
recognition apparatus thereby 1ssues a warning for collision
avoidance while reducing processing load for target recog-
nition.

In some instances, the yaw rate and the like significantly
fluctuate 1nstantaneously as a result of drifting of the steer-
ing wheel, noise, and the like. When the course 1s predicted
based on yaw rate and the like, 1f such fluctuations are
directly reflected 1n the course prediction, the accuracy of
course prediction decreases. Appropriate driving assistance
cannot be provided. Therefore, the above-described on-
board apparatus 1s generally configured such as to perform
a low-pass filter process on measurement values of the yaw
rate and the like. As a result, the ellects of sudden fluctua-
tions 1n the yaw rate and the like can be suppressed. The
course can be accurately predicted even when drifting of the
steering wheel and the like occur.

However, when the low-pass filter process 1s performed,
a time lag occurs until the changes 1n yaw rate and the like
attributed to steering wheel operation are reflected 1n the
course prediction. Therefore, for example, 1n situations
where the curvature of the road suddenly changes, such as
near an entrance to a curve, an accurate course prediction
cannot be performed. A problem occurs in that appropriate
driving assistance cannot be provided.

SUMMARY

It 1s thus desired to provide an on-board apparatus that 1s
capable of more appropnately predicting behavior of an own
vehicle.

10

15

20

25

30

35

40

45

50

55

60

65

2

An exemplary embodiment provides an on-board device
including: measuring means for periodically measuring the
state of an own vehicle; filtering means for performing a
low-pass filter process on the measurement results from the
measuring means; predicting means for predicting the
behavior of the own vehicle based on the measurement
results on which the low-pass filter process has been per-
formed; executing means for performing processes based on
the behavior of the own vehicle predicted by the predicting
means; detecting means for detecting a traveling environ-
ment of the own vehicle; and adjusting means for adjusting
a time constant for the low-pass filter process based on the
traveling environment detected by the detecting means.

According to this configuration, the low-pass filter pro-
cess 1s performed on the measurement results of the state of
the own vehicle. Therelfore, for example, even when the state
of the own vehicle suddenly changes as a result of drifting
of the steering wheel, noise, and the like, a decrease 1n
prediction accuracy of the behavior of the own vehicle can
be prevented.

However, as a result of the low-pass filter process being
performed, a time lag occurs until the changes 1n the state of
the own vehicle caused by driving operations and the like are
reflected 1n the prediction of the behavior of the own vehicle.
Theretore, the prediction accuracy decreases.

In this regard, according to the above-described configu-
ration, the time constant for the low-pass filter process can
be set to an optimal value based on the traveling environ-
ment of the own vehicle.

Specifically, for example, in an instance i which the
behavior of the own vehicle 1s expected to change little
based on the detection results of the traveling environment,
the time constant may be set to a high value. The behavior
of the own vehicle may be predicted 1n a state 1n which the
cllects of drifting of the steering wheel and the like are
climinated as much as possible.

As a result, although the time lag until the changes in the
state of the own vehicle caused by driving operations,
traveling environment, and the like are reflected in the
prediction of the behavior of the own vehicle becomes
longer, the effects of reduced prediction accuracy 1s minimal
because the behavior of the own vehicle changes little.
Therefore, by increasing the degree of elimination of the
cllects of drifting of the steering wheel and the like, the
behavior of the own vehicle can be appropriately predicted.

In addition, for example, even 1n instances 1 which a
judgment 1s made, from the detection results of the traveling
environment, that a process performed based on the predic-
tion results of the behavior of the own vehicle does not
require high accuracy, the time constant may be set to a high
value.

In such istances as well, the eflects caused by decrease
in prediction accuracy are minimal. By increasing the degree
of elimination of the eflects of drifting of the steering wheel
and the like, the behavior of the own vehicle can be
appropriately predicted.

On the other hand, for example, 1n 1nstances 1n which the
behavior of the own vehicle 1s expected to change based on
the detection results of the traveling environment, or when
judged that a process performed based on the prediction
results of the behavior of the own vehicle requires high
accuracy, the time constant may be set to a low value.

As a result, the time lag until the changes 1n the state of
the own vehicle attributed to driving operations and the like
are reflected in the prediction of the behavior of the own
vehicle becomes shorter. Prediction accuracy can be
improved.
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According to the exemplary embodiment, the time con-
stant for the low-pass filter process can be adjusted to an
optimal value based on the traveling environment of the own
vehicle. Therefore, the behavior of the own vehicle can be
more appropriately predicted.

In the exemplary embodiment, the measuring means may
measure at least one of either the yaw rate and the steering
angle of the own vehicle as the state of the own vehicle. The
predicting means may predict the course of the own vehicle
as the behavior of the own vehicle. The detecting means may
detect the degree of curving of an expected traveling road on
which the own vehicle 1s predicted to travel as the traveling
environment.

According to this configuration, for example, 1n 1nstances
in which the course of the own vehicle 1s expected to change
little, such as when the own vehicle 1s continuously traveling
on a straight road, the time constant can be set to a higher
value. The course can be predicted in a state in which the
cllects of dnifting of the steering wheel and the like are
climinated as much as possible.

As a result, the time lag until the steering wheel operation
and the like are reflected 1n the course prediction becomes
longer. The accuracy of course prediction decreases. How-
ever, because the course of the own vehicle changes little,
the eflects are minimal. Therefore, as a result of the degree
of elimination of the effects of drifting of the steering wheel
and the like being increased, the course of the own vehicle
can be appropriately predicted.

On the other hand, for example, in istances 1n which the
course of the own vehicle 1s expected to change, such as
when the own vehicle enters a curve, the time constant can
be set to a lower value. As a result, the time lag until the
steering wheel operation and the like are reflected in the
results of course prediction becomes shorter. The accuracy
ol course prediction can be improved.

As a result, the time constant for the low-pass filter
process can be adjusted to an optimal value based on the
degree of curving of the expected traveling road of the own
vehicle. Therefore, the course of the own vehicle can be
more appropriately predicted.

BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings:

FIG. 1 1s a block diagram of a configuration of a driving,
assistance apparatus applied to an on-board apparatus
according to an embodiment;

FIG. 2 1s a flowchart of a driving assistance starting
process performed by the driving assistance apparatus
shown 1n FIG. 1; and

FIG. 3 1s a flowchart of a time constant adjusting process
performed by the driving assistance apparatus shown i FIG.

1.

DESCRIPTION OF TH.

(L.
1]

EMBODIMENTS

An embodiment of the present invention will hereinafter
be described with reference to the drawings. Embodiments
of the present invention are not in any way limited by the
embodiment described hereafter. Various modifications may
be made so long as the modifications fall within the techmical
scope of the present mnvention.

As shown 1 FIG. 1, a dniving assistance apparatus 10
according to the present embodiment 1s applicable to an
on-board apparatus that 1s mounted 1n an own vehicle. The
driving assistance apparatus 10 judges the risk of collision
between the own vehicle and a target. The target i1s, for
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example, another vehicle or a pedestrian. When judged that
the risk of collision with the target reaches a certain level,
the driving assistance apparatus 10 performs driving assis-
tance, such as 1ssuing a warning or stopping the own vehicle.
As shown 1n FIG. 1, the drniving assistance apparatus 10
includes a peripheral object detecting section 11, a vehicle
state detecting section 12, a control section 13, a commu-
nication section 14, and a notifying section 13.

The peripheral object detecting section 11 1s configured
by a camera, a radar, or the like. The camera captures an
image ol an area ahead of the own vehicle. The radar
transmits radio waves, such as microwaves or millimeter
waves, ahead of the own vehicle and receives reflected
waves thereol. The peripheral object detecting section 11
detects the position, size, shape, and the like of an object
present ahead of or near the own vehicle. The peripheral
object detecting section 11 may be configured by both the
camera and the radar. Alternatively, the peripheral object
detecting section 11 may be configured by either the camera
or the radar. This peripheral object detecting section 11 1s
equivalent to a detecting unit or a detector for detecting a
peripheral object.

The vehicle state detecting section 12 detects at least one
of a yaw rate and a steering angle of the own vehicle
(referred to, heremafter, as simply yaw rate and the like).
The vehicle state detecting section 12 also detects vehicle
speed. The vehicle state detecting section 12 1s configured
by a yaw rate sensor, a steering angle sensor, a vehicle speed
sensor, and the like. The vehicle state detecting section 12
may be configured such as to acquire the yaw rate, steering
angle, and vehicle speed detected by another electronic
control unit (ECU) over an in-vehicle local area network
(LAN) or the like. This vehicle state detecting section 12 1s
equivalent to a detecting unit or a detector for detecting a
vehicle state.

The control section 13 includes a central processing unit
(CPU), a read-only memory (ROM), a random access
memory (RAM), and an input/output (I/0O). The control
section 13 performs integrated control of the driving assis-
tance apparatus 10. The control section 13 1s equivalent to a
control unit or a controller.

The communication section 14 communicates with other
ECUs over the in-vehicle LAN or the like. This communi-
cation section 14 1s equivalent to a communication unit.

The notilying section 15 issues various warnings for
driving assistance. The notifying section 135 1s configured by
a display device, a speaker, or the like.

(1) Overview

First, an overview of operations performed by the driving
assistance apparatus 10 will be described.

The dniving assistance apparatus 10 uses the peripheral
object detecting section 11 to detect the position, size, shape,
and the like of a target present on an expected traveling road
of the own vehicle or near the own vehicle. The expected
traveling road refers to the road ahead of the own vehicle on
which the own vehicle 1s predicted to travel. The target 1s a
pedestrian, another vehicle, a foreign object, or the like. In
addition, the driving assistance apparatus 10 may also cal-
culate movement direction, movement speed, and the like of
the target based on history information, such as positions.

The drniving assistance apparatus 10 periodically measures
the yvaw rate and the like, and the vehicle speed using the
vehicle state detecting section 12. Based on the measured
yaw rate and the like, and the vehicle speed, the driving
assistance apparatus 10 predicts the course of the own
vehicle. Then, the driving assistance apparatus 10 judges the
risk of collision between the own vehicle and the target
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based on the predicted course, the position of the target, and
the like. When judged that the risk of collision has reached
a certain level, the driving assistance apparatus 10 starts
driving assistance.

In addition, the driving assistance apparatus 10 performs
a low-pass filter process on the measurement values of the
yaw rate and the like. As a result, the driving assistance
apparatus 10 can suppress the effects of sudden fluctuations
in the yaw rate and the like. The driving assistance apparatus
10 can accurately predict the course even when drifting of
the steering wheel and the like occur.

However, as a result of the low-pass filter process being
performed, a time lag occurs until the changes 1n yaw rate
and the like attributed to steering wheel operation and the
like are reflected in the course prediction. Therefore, for
example, when a vehicle 1s traveling on a curve, 1n situations
where the curvature of the road suddenly changes, such as
near an entrance to a curve, an accurate course prediction
cannot be performed. A situation occurs 1n which an accurate
course prediction 1s possible after the vehicle has passed
entrance area and steering wheel operation has stabilized.

The driving assistance apparatus 10 according to the
present embodiment uses the peripheral object detecting
section 11 to measure the curvature of the expected traveling
road. In addition, the driving assistance apparatus 10 adjusts
a time constant for the low-pass filter process based on the
measured curvature. As a result, the time constant for the
low-pass filter process can be set to an optimal value based
on the curvature of the expected traveling road. The driving
assistance apparatus 10 can perform a more appropriate
course prediction.

A process performed when driving assistance 1s started
and a process for adjusting the time constant will hereinafter
be described 1n detail.

(2) Dniving Assistance Starting Process

First, a driving assistance starting process will be
described with reference to the flowchart in FIG. 2. The
driving assistance starting process starts driving assistance
based on the risk of collision with the target. The dniving
assistance starting process 1s periodically performed by the
control section 13 of the driving assistance apparatus 10. A
program for the driving assistance starting process corre-
sponding to the tlowchart shown in FIG. 2 1s stored in
advance 1n a memory, such as the ROM within the control
section 13. The CPU within the control section 13 runs the
program.

At step S100, the control section 13 uses the vehicle state
detecting section 12 to measure the yaw rate and the like,
and the vehicle speed. The control section 13 then proceeds
to step S105. At step S105, the control section 13 performs
the low-pass filter process on the measurement results of the
yaw rate and the like. The control section 13 then proceeds
to step S110.

At step S110, the control section 13 predicts the course of
the own vehicle based on the measurement results of the vaw
rate and the like on which the low-pass filter process has
been performed, and the measurement result of the vehicle
speed. The control section 13 then proceeds to step S115. At
step S115, the control section 13 uses the peripheral object
detecting section 11 to detect the position, size, shape, and
the like of a target present ahead of or near the own vehicle.
The control section 13 then proceeds to step S120.

At step S120, the control section 13 judges the risk of
collision with the target based on the predicted course of the
own vehicle, and the position, size and the like of the target.
At subsequent step S125, the control section 13 judges
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6

whether or not the risk of collision with the target has
reached a certain level and a condition for starting driving
assistance 1s met.

Specifically, for example, the control section 13 may
estimate a predicted collision position or a predicted colli-
s1on timing between the own vehicle and the target based on
the predicted course and vehicle speed of the own vehicle,
and the position, size, movement direction, movement
speed, and the like of the target. In addition, the control
section 12 may calculate the remaining distance to the
predicted collision position, or the remaining time until the
predicted collision timing. Then, when judged that these
values are a threshold or lower, the control section 13 may
judge that the risk of collision has reached a certain level and
considers the starting condition to be met.

In addition, for example, the control section 13 may
estimate a lateral direction distance between the own vehicle
and the target at the predicted collision position, based on the
lateral width of the own vehicle, the position of a side
portion of the target (lateral position), and the like. Then,
when judged that the estimation value 1s a threshold or
lower, the control section 13 may judge that the risk of
collision has reached a certain level and the starting condi-
tion has been met.

Then, when judged that the starting condition 1s met (YES
at step S125), the control section 13 proceeds to step S130.
When judged that the starting condition 1s not met (NO at
step S125), the control section 13 ends the driving assistance
starting process.

At step S130, the control section 13 performs a process
for performing driving assistance and ends the driving
assistance starting process. Specifically, for example, the
control section 13 may use the notifying section 15 to 1ssue
an alarm sound or display a warning message indicating that
the risk of collision 1s high. The control section 13 may, of
course, communicate with another ECU using the commu-
nication section 14, and output an alarm sound or a warning
message through the ECU.

In addition, the control section 13 may communicate with
another ECU using the communication section 14, operate
the brakes, and stop the own vehicle. Alternatively, the
control section 13 may perform steering assistance and
change the course of the own vehicle to avoid collision with
the target.

(3) Time Constant Adjusting Process

Next, a time constant adjusting process will be described
with reference to the flowchart 1n FIG. 3. The time constant
adjusting process 1s performed to adjust the time constant for
the low-pass filter process. The time constant adjusting
process 1s periodically performed by the control section 13
of the driving assistance apparatus 10. A program for the
time constant adjusting process corresponding to the tlow-
chart shown 1n FIG. 3 1s stored 1n advance 1n a memory, such
as the ROM within the control section 13. The CPU within
the control section 13 runs the program.

At step S200, the control section 13 sets, as the expected
traveling road, a road of a predetermined length that extends
ahead of the own vehicle with the own vehicle as the starting
point. In addition, the control section 13 uses the peripheral
object detecting section 11 to detect the shape of the
expected traveling road. The control section 13 then pro-
ceeds to step S205.

Specifically, when the peripheral object detecting section
11 1s configured by a camera, the control section 13 may
detect the shape of the expected traveling road by perform-
ing, for example, lane recognition using 1mages captured by
the camera. In addition, when the peripheral object detecting,




US 9,499,156 B2

7

section 11 1s configured by a radar, the control section 13
may detect the shape of the expected traveling road based on
the position, shape, and the like of the object detected by the
radar.

At step S205, the control section 13 determines a plurality
of curvature determining points at a fixed interval from the
current location of the own vehicle to the end of the expected
traveling road. In addition, the control section 13 measures
the curvature (or a radius of curvature) at each curvature

determining point. The control section 13 then proceeds to
step S210.

At step S210, the control section 13 adjusts the time
constant for the low-pass filter process based on the mea-
surement result of the curvature of the expected traveling
road. The control section 13 then ends the time constant
adjusting process.

Specifically, for example, the control section 13 may
adjust the time constant between two levels, depending on
whether or not the maximum value of the curvatures at the
curvature determining points, an average value of the cur-
vatures, or the like reaches a predetermined threshold (in
other words, whether or not the expected traveling road 1s a
curve having a certain degree of curving or more). In such
instances, the time constant may be set to a low value when
the maximum value of curvatures or the like 1s the threshold
or more. The time constant may be set to a high value when
the maximum value of curvatures or the like 1s less than the
threshold.

As a result, 1n 1nstances 1n which the course of the own
vehicle changes, such as when the own vehicle 1s entering a
curve, the time constant becomes low. Theretfore, the time
lag until steering wheel operation and the like are reflected
in the course prediction becomes short. The accuracy of
course prediction 1s improved. As a result, a more appro-
priate driving assistance can be performed.

On the other hand, 1n instances 1n which the course of the
own vehicle changes little, such as when the own vehicle 1s
traveling on a straight road or the like, the time constant
becomes high. Therefore, the course can be predicted 1n a
state 1n which the eflects of drifting of the steering wheel and
the like are eliminated as much as possible.

As a result, although the time lag until steering wheel
operation and the like are reflected in the course prediction
becomes longer, driving assistance 1s mimimally affected
because the course of the own vehicle changes little. There-
fore, by increasing the degree by which the eflects of drifting
of the steering wheel and the like are eliminated, a more
appropriate course prediction can be performed. As a resullt,
driving assistance can be appropriately performed.

In addition, for example, the control section 13 may adjust
the time constant between three or more levels, depending
on the maximum value of curvature and the like. The time
constant may be set to a lower value as the maximum value
of curvatures or the like increases. The time constant may be
set to a higher value as the maximum value of curvatures or
the like decreases.

As a result, the time constant can be adjusted depending
on the degree of curving of the expected traveling road.
Theretfore, the time constant for the low-pass filter process
can be set to an optimal value with high accuracy. A more
appropriate course prediction can be performed.

In addition, for example, the control section 13 may
calculate the difference between the maximum value and the
mimmum value of curvatures at the curvature determining,
points, a standard deviation of the curvatures, or the like as
the degree of change 1n curvature of the expected traveling
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road. The control section 13 may then adjust the time
constant based on the degree of change 1n curvature.

Specifically, the control section 13 may adjust the time
constant between two levels, depending on whether or not
the degree of change in curvature reaches a predetermined
threshold. In such instances, the time constant may be set to
a low value when the degree of change in curvature reaches
the predetermined threshold. The time constant may be set
to a high value when the degree of change 1n curvature does
not reach the predetermined threshold.

In addition, for example, the control section 13 may adjust
the time constant between three or more levels depending on
the degree of change 1n curvature. The time constant may be
set to a lower value as the degree of change 1n curvature
increases. The time constant may be set to a higher value as
the degree of change in curvature decreases.

In such instances as well, the time constant for the
low-pass filter process can be set to an optimal value
depending on the degree of curving of the expected traveling
road. A more appropriate course prediction can be per-
formed.

Other Embodiments

(1) In the time constant adjusting process according to the
present embodiment, the control section 13 measures the
curvature of the expected traveling road using the peripheral
object detecting section 11 that 1s composed of a camera or
a radar. However, for example, the control section 13 may
recognize the shape of the expected traveling road from map
data provided 1n a navigation apparatus or the like. The
control section 13 may calculate the curvature using the
shape of the expected traveling road. In such instances as
well, similar effects can be achieved.

(2) In addition, in the time constant adjusting process
according to the present embodiment, the control section 13
adjusts the time constant for the low-pass filter process
based on the curvature of the expected traveling road.

However, 1n addition, the control section 13 may set the
time constant to a low value when a target, such as another
vehicle or a pedestrian, 1s present near the own vehicle. The
control section 13 may set the time constant to a high value
when a target 1s not present near the own vehicle.

As a result, when the risk of collision between the own
vehicle and the target 1s low, and the effect of a less accurate
driving assistance 1s minimal, the course prediction 1s per-
formed 1n a state in which the degree of elimination of the

cllects of drifting of the steering wheel and the like 1s
increased.

On the other hand, when the risk of collision between the
own vehicle and the target 1s high, the accuracy of course
prediction can be increased. As a result, driving assistance
can be performed with high accuracy. Thus, collision with
the target can be avoided with more certainty. Therefore, the
behavior of the own vehicle can be more appropnately
predicted.

(3) In addition, according to the present embodiment, an
example 1s described in which the driving assistance appa-
ratus 10 performs driving assistance based on the course
predicted from yaw rate and the like. The time constant for
the low-pass filter process performed on the measurement
values of the yaw rate and the like 1s adjusted based on the
curvature of the expected traveling road.

However, the present invention 1s not limited to a driving,
assistance apparatus such as this. The present invention can
be applied to an on-board apparatus that predicts the behav-
1ior of the own vehicle based on measurement values related
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to the state of the own vehicle and performs various pro-
cesses based on the prediction results.

Specifically, the present ivention can be applied, for
example, 1n instances i which the behavior of the own
vehicle 1s predicted based on acceleration 1n the front/back
direction, lateral acceleration, and the like. The present
invention can also be applied 1n instances in which abnormal
behavior of the own vehicle, such as slipping and drifting, 1s
predicted. Furthermore, 1n such instances, the time constant
for the low-pass filter process may be adjusted based on
other traveling conditions, such as the state of the surface of
the road on which the own vehicle 1s traveling, 1n addition
to the curvature of the expected traveling road of the own
vehicle.

In addition, the present imnvention can be applied to an
on-board apparatus that performs engine control, brake
control, and the like, 1n addition to driving assistance. Even
when the present invention 1s applied as such, the behavior
of the own vehicle can be appropnately predicted 1n a
manner similar to that according to the present embodiment.

(4) In addition, 1n the time constant adjusting process
according to the present embodiment, the time constant for
the low-pass filter process may be adjusted taking into
consideration the direction of the curve of the expected
traveling road.

In other words, at step S205 in the time constant adjusting,
process, the control section 13 may judge that the expected
traveling road 1s a curve when the maximum value or the
average value of the curvatures at the curvature determining
points, or the like 1s a predetermined value or more. The
control section 13 may then determine the direction of the
curve from the shape of the expected traveling road.

Furthermore, at step S205, the control section 13 may, for
example, detect the positions of the end sections on both
sides of the expected traveling road using the peripheral
object detecting section 11. The control section 13 may then
identiy the cruising lane of the own vehicle on the expected
traveling road from the detection results. In addition, the
control section 13 may, for example, 1dentify the cruising
lane of the own vehicle on the expected traveling road based
on a destination of the driving assistance apparatus 10 or the
like.

In addition, at step S210, when the curvature of the
expected traveling road 1s a predetermined value or more
(when the expected traveling road 1s a curve), the control
section 13 may adjust the time constant of the low-pass filter
taking into consideration the direction of the curve and the
cruising lane of the own vehicle on the expected traveling
road, 1n addition to the curvature.

Even when the same curving expected traveling road 1s
traveled, the cruising lane in which the own vehicle travels
differs depending on whether the expected traveling road 1s
traveled as a right curve or a left curve. The curvature of the
actual path on which the own vehicle travels may differ.

Therelore, as a result of the time constant being adjusted
by taking into consideration the direction of the curve of the
expected traveling road and the cruising lane of the own
vehicle on the expected traveling road, the time constant can
be more appropriately adjusted depending on the curvature
of the actual traveling path of the own vehicle.

Correlation between terms used 1n the description of the
above-described embodiment and terms used in the scope of
claims are indicated below.

In the driving assistance starting process performed by the
control section 13, the process of step S100 1s equivalent to
a process performed by the measuring means or unit. The
process of step S1035 1s equivalent to a process performed by
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the filtering means or unit. The process of step S110 1s
equivalent to a process performed by the predicting means
or unit. The processes of steps S120 to S130 are equivalent
to processes performed by the executing means or unit.

In the time constant adjusting process performed by the
control section 13, the processes of steps S200 and S205 are
equivalent to processes performed by the detecting means.
The process of step S210 1s equivalent to a process per-
formed by the adjusting means.

In the drniving assistance apparatus 10 according to the
present embodiment, the control section 13 functions as
cach of the above-described means by combination of
hardware elements (CPU, ROM, RAM, IO, and the like)
and software elements (programs). Configurations of the
hardware elements and the software elements are not par-
ticularly limited. Any configuration 1s possible as long as the
control section 13 can function as the above-described
means. For example, a single means (process) may be
actualized by a single program. Alternatively, an n-number
(n being a natural number of 2 or more) of means (processes)
may be actualized by an n-1 number of programs or less
(such as a single program). The respective numbers of
hardware elements, such as the CPU, the ROM, the RAM,
and the 1I/O are not particularly limited. One or a plurality of
cach hardware element may be provided as long as the
control section 13 can function as the above-described
means.

What 1s claimed 1s:

1. An on-board apparatus comprising;:

at least one of a yaw rate sensor and a steering angle
SeNnsor;

a control unit, including a computer processor, configured
to:

periodically measure, as a state of an own vehicle, at least
one of a yaw rate and a steering angle of the own
vehicle:

perform a low-pass filter process on the measurement
results;

predict a course of the own vehicle based on the mea-
surement results on which the low-pass filter process
has been performed;

perform processes based on the predicted course of the
own vehicle;

detect, as a traveling environment of the own vehicle, a
degree of curving of an expected traveling road on
which the own vehicle 1s predicted to travel; and

adjust a time constant for the low-pass filter process based
on the degree of curving of the expected traveling road
detected as the traveling environment of the own
vehicle.

2. The on-board apparatus according to claim 1, wherein

the control unit 1s further configured to adjust the time
constant such that: when the degree of curving of the
expected traveling road 1s large, the time constant 1s set
to a low value; and when the degree of curving of the
expected traveling road 1s small, the time constant 1s set
to a high value.

3. The on-board apparatus according to claim 1, wherein

the control unit 1s further configured to adjust the time
constant such that; the larger the degree of curving of
the expected traveling road 1s, the lower the time
constant 1s; and the smaller the degree of curving of the
expected traveling road 1s, the higher the time constant
1S.

4. A control method for an on-board apparatus, compris-

ing the steps:
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periodically measuring, as a state of an own vehicle, at
least one of a yaw rate and a steering angle of the own
vehicle;

performing a low-pass filter process on measurement
results 1n the step of measuring;

predicting a course of the own vehicle based on the
measurement results on which the low-pass filter pro-
cess has been performed;

performing processes based on the course of the own
vehicle predicted in the step of predicting;

detecting, as a traveling environment of the own vehicle,
a degree of curving of an expected traveling road on
which the own vehicle 1s predicted to travel; and

adjusting a time constant for the low-pass filter process
based on the degree of curving of the expected travel-
ing road detected as the traveling environment of the
own vehicle 1n the step of detecting.

5. The control method according to claim 4, wherein

in the step of adjusting, the time constant 1s adjusted such
that: when the degree of curving of the expected
traveling road 1s large, the time constant 1s set to a low
value; and when the degree of curving of the expected
traveling road 1s small, the time constant is set to a high
value.

6. The control method according to claim 4, wherein

in the step of adjusting, the time constant 1s adjusted such
that: the larger the degree of curving of the expected
traveling road 1s, the lower the time constant 1s; and the
smaller the degree of curving of the expected traveling
road 1s, the higher the time constant 1s.
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